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Pathophysiologyoftightjunctionsinhumandiseases
NorimasaSAWADA
DepartmentofMolecularandCellularPathology,SapporoMedicalUniversitySchoolofMedicine
ABSTRACT
 The human body maintains maximal independence from the environment by means of a highly impermeable 
continuous cell sheet. For the maintenance of homeostasis, tight junctions must strictly regulate or restrict the 
passage of various solutes through the paracellular spaces of the cell sheet. Furthermore, it is clear that tight 
junctions are deeply involved in signal transduction and innate immunity. When tight junctions are disturbed, 
illnesses such as edema, jaundice or diarrhea will rapidly develop. In this review, we describe the basic 
understanding of tight junctions and then introduce our studies on the roles of tight junctions in human diseases 
such as diabetic retinopathy.
(Accepted October 16, 2016)
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ᐵᠦ
1ǵɻɍʠɴ
ǵ̯̜ɹ᤹кɻ⏋ΫᇤᏳᔟɴʭɤɩ޺ᅠȴʰ᭧ᐓɇʶɩ
Ȧʳ⏏ёȭɽ⏋༥׋፬ɫɻᎳᕖΫᇤᏳᔟȵ᤹кɹԒ޺
ˁ᭧ᐓɌ⏋ᔈᏳᔟɹພᏳᔗ፬Ԓɹᔗຳɻᝐμɴྯʶʳ
ɄɭȵɲȦ⏏Ʉɹʭȩɲᅊк̫͠ˏɹೣкɻ⏋Ᏻᔟɭ
Ᏻᔟɹ᭫ᬚ⏃paracellularspace⏆ˁ˹ͻ͡ɐʳ̊˓̜
ᐄغɫȡʳ1⏋2⏆⏏̯̜ɹ᤹кɻ⏋ɇʰɴץႶጓɌɛԒᨆ
ᄩޅˁʢɦȦȼɦȴɹ˱Ͳ̮ͻ̜͍Ͳ̜ȴʰɲɤɩȦʳ⏏
ёȭɽ⏋ਕᕬᝐ፬Ꮩɻ⏋ɗʶᕶкȵԒᇤᏳᔟɴܑʚʶɛ
ᬔ᫒ᔿɫȡʳɭؾಁɴ⏋μഛኜᐁᏙʦᐨᕖɲɰˁ᭧ᐓ
ɐʳ̫͠ˏ⏃bloodtissuebarrier⏆ɭɲɤɩȦʳ⏏Ʉɹ
ʭȩɲᏳᔟᬚ᭫ɹ႒ᣒɹᦲ᧌ˁըਉɐʳᏳᔟᬚஞመខᒞ
ȵ̊˓̜ᐄغɫȡʱ⏋Ʉɹลᔨˁ̊˓̜ᐄغɹ̫͠ˏ
ลᔨɭȦȩ⏏Ɍɛȵɤɩ̊˓̜ᐄغɹลᔨ߉ᠭɻ⏋༝ᕄ⏋
ᶅᆏ⏋άᆡɭȦɤɛ̯̜ɹᆖ઴ɭཉȼȴȴʼɤɩȦʳ⏏
̊˓̜ᐄغɻ⏋Ᏻᔟᬚ᭫ɹ႒ᣒᦲᢪˁըਉɐʳ̫͠ˏ
ลᔨɞȿɫɲȼ⏋Ᏻᔟᕖɹ᯳ү⏃apical⏆᯿ݖɭүޖݜ
ঈү⏃basolateral⏆᯿ݖɹޅᅠˁ০ଁɌ⏋ᏳᔟᕖΫ
ɹᛯᇐᣒʦᔩᣒɹୟతˁᬿȹᏳᔟෑਸˁᐣ୫ɐʳ̶˙
Ͳ˽ลᔨˁ೑ɌɩȦʳ⏏ʚɛ˹˫̠͡Ш᧒ɹ̺̜̒͞
́ͻ͌ɭɌɩʢᩂឹɲ৲ւˁഗɛɌɩȦʳ15⏆⏏႕ɴ
ΫᇤᏳᔟɹ̊˓̜ᐄغ̫͠ˏลᔨɭ˹˫̠͡Ш᧒ʍɹ
ᬠήɻ⏋͍́ˠ˽̊˹˽ˁᐣ୫ɐʳȩȭɫᄩޅɭɹஞဣ
ɭɌɩࡔܧɐʳ̊˓̜ᐄغɹᩂឹਸˁኍɌɩȦʳ⏏ೣዣ
ɫɻ⏋մץˁ̊˓̜ᐄغɹෙᅭˁ⏋৿ץɻଂǾɹ቉ድ
ˁμਕɴᦚʏʳ⏏
2ǵ̊˓̜ᐄغɹ෯ᦶɭลᔨ
ǵ̊˓̜ᐄغɻ⏋Ᏻᔟᬚஞመខᒞɹʁɭɦɫ⏋baso
lateralᏳᔟᕖɹʢɤɭʢ apicalүɴࡔܧɌɩȦʳ⏏
ᦩ᧌݀ᮚࡎᰒ਎᫦ɫɻ⏋᭰ஞɐʳᏳᔟɹᏳᔟᕖȵᜨغ
ɌɩȦʳʭȩɴឿȭʳɄɭȴʰ⏋ࢌመᐄغ⏃occludens
junction⏆ɭʢ٧ɽʶɩȦʳ⏏ɗɹɛʠ႒ᣒɻ⏋Ʉɹᨆ
Օˁᦲ᧌ɫȷɲȦ⏏̶͠ͻ̶̀͞˪̍͑ͻ̺ͤ͠ˡ໬ɫ
៎࢘ɐʳɭ⏋̊˓̜ᐄغɻ⏋ᕖԒᎰࡎɹᦹᐚɌɛᨗ՞
ȴʰɲʳ˽̜͞Ͳ̝ɹᮃغɫȡʱ⏃ܒ 1⏆⏋˽̜͞Ͳ̝
ɹధɻ⏋̊˓̜ᐄغɹลᔨɭᬠѥȵཉȦ⏏1998ॷ⏋Ʉ
ɹᕖԒᎰࡎɹ๭кȵ claudinɫȡʳɄɭȵ౩ʰȴɴ
ɲɤɛ5⏆⏏
ǵ̊˓̜ᐄغɻ⏋Ϊɦɹลᔨˁ୊ɤɩȦʳ⏃ܒ 1⏆⏏
Υɦɻ⏋Ᏻᔟᕖˁךݖ׋Ɍ⏋ɗʶˁᐣ୫ɐʳɄɭɫȡʳ⏏
Ʉɹลᔨˁ⏋̶˙Ͳ˽ลᔨ⏃fence function⏆ɭ٧ʉ⏏
ɄɹลᔨɴʭʱᏳᔟᕖɻ⏋߂ȷȼ apicalᏳᔟᕖɭ baso
lateralᏳᔟᕖɴ߂ȷȼϠՕɇʶɩȲʱ⏋ɗʶəʶɹ
Ᏻᔟᕖɴܔ೑ɹᛯᇐʦᔩᣒɹଁՕɻϯɍʱغʼɲȦ⏏
೤५כ࡝ᮊ᠖ǵ3-⏃%⏎.⏆%( ⑯ &#⏃&#%.⏆ǵ¡⏧%#%,%%* ¨2,%(
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ៜȦழȭʶɽᏳᔟɹෑਸˁᐣ୫ɐʳลᔨɫȡʳ⏏
ǵϠɦᇿɹลᔨɻ⏋ᏳᔟɭᏳᔟɹᬚˁ႒ᣒȵᕶᅓɴᦲ᧌
ՏഀɲȦʭȩɴ⏋Ᏻᔟᬚˁ˹ͻ͡ɐʳลᔨɫ⏋̫͠ˏ
ลᔨ⏃barrier function⏆ɭ٧ɽʶɩȦʳ⏏2002ॷɴɻ⏋
кɹᝠᯆˁុȩଙॶΫᇤɴʢ̊˓̜ᐄغȵࡔܧɐʳɄɭ
ȵ౩ʰȴɴɇʶ5⏆⏋к޺ʍɹອՕɹྯՏˁᬿȦɫȦʳ⏏
ᅊкɹ͍́ˠ˽̊˹˽ˁᐣ୫ɐʳᩂឹɲខᒞɫȡʳɄɭ
ȵ౩ʰȴɴɲɤɛ⏏̫͠ˏลᔨɻ⏋̶ˑ̊͡ͻΫɴݛ᰸
ɌɛᏳᔟࣝɹᮚຩୄ଻⏃transepithelialelectricalresistance⏧
TER⏆ʦ̜ͤͻ˵ͻɹᦩ᧌ਸˁᠭʏʳɄɭɴʭʱ⏋ᎎѤ
ɴཀྵࡴɫȷʳ⏏
ǵΪɦᇿɹลᔨɻ⏋޺ᅠȴʰɹ˹˫̠͡Ш᧒ʦᏳᔟԒ
˹˫̠͡Ш᧒Օࡎʦ᥊Ԡ܍ࡎɹ̺̜̒́͞ͻ͌ɭɌɩʢ
ᩂឹɲ৲ւɫȡʳ24⏆⏏cingulin,ZONAB,heteromeric
Gproteins,aPKC,rab3b,rab13,PTEN,PP2A
ɲɰȵ̊˓̜ᐄغɴ࿣ᑘɌɩࡔܧɌɩȦʳ⏏ኜᐁᐻᐣᕄ
ᆗŢ݀ɹ᢮К᧨ШࡎᛯᇐMerlinȵ̊˓̜ᐄغɴ࣌ܧ
ɐʳɄɭȵ౩ʰȴɴɲɤɛ⏏Merlinȵ۬ࡲ˵˓̀ʦ
ԗᅊˁըਉɌ⏋ᕄᆯɹᇍᅊˁଵըɐʳ Hippoᐁᤉ7⏆
ɹ੻ݬШ᧒ɴᩂឹɫȡʳ YAP/TAZɭᐄغɐʳɄɭȴ
ʰ⏋ᕄᆯ০ଁɹ៎ဣȴʰʢ໶ᇿɇʶɩȦʳ⏏
3ǵ̊˓̜ᐄغɹ෯ଁᛯᇐɭลᔨᠭ፲1⏆
ǵ̊˓̜ᐄغˁ̶͠ͻ̶̀͞˪̍͑ͻ̺ͤ͠ˡ໬ɫ៎࢘
ɐʳɭ⏋̊˓̜ᐄغɻᕖԒᛯᇐȵధჳႥɴᨗ՞Ɍɛ˽̜
͞Ͳ̝ɴʭʳᐨᇿ෯ᦶˁ٘ɐʳ⏃ܒ 1⏆⏏Ʉɹ෯ᦶ႒ɻ⏋
ᕖ᢭ᦲਸᛯᇐ claudinɴʭɤɩ০ଁɇʶɩȦʳ⏏Claudin
ɻ⏋ՕࡎᩄᏝ 23kDaɫ⏋ᕖ᢭ᦲ̝͍˓Ͳˁ 4҅ʢɠ⏋
2ɦɹᏳᔟ޺͡ͻ̺ˁ೑ɌɩȦʳ⏏Claudinɻ⏋Cೢጩ
ɹPDZ̝͍˓ͲˁЂɌɩ ZO1ɞȿɫɲȼ ZO2⏋ZO3⏋
PATJ⏋MUPP1ɲɰɹᛯᇐɭᐄغɌɩȦʳ⏏Claudin
ɹ 1ɦᇿɹᏳᔟ޺͡ͻ̺ɻ⏋ధ҅ɹᗼᮚਸˏ̨͊ᨧˁ
يʛ˓ˠͲɹ᧧ିᇕᦩ᧌ਸɴᬠήɌɩȦʳ⏏2ɦᇿɹ
Ᏻᔟ޺͡ͻ̺ɻ⏋˽̜͞Ͳ̝০ଁɴᬠήɌɩȦʳ⏏
Claudinɻ⏋ࢹɲȼɭʢ 27ዛɹ᧨Шࡎ̶ˎ͊͠ͻˁ
০ଁɌɩȲʱ⏋ȲɹȲɹ׬Ⴖɫ˽̜͞Ͳ̝ˁ০ଁɐʳ
Ʉɭȵɫȷʳ⏏Claudinɹʓȴ⏋ᕖ᢭ᦲᛯᇐ occludin⏋
JAM⏋ tricellulin⏋MarvelD3ɲɰȵᇍឿɇʶɩȦʳ⏏
Occludin⏋tricellulin⏋MarvelD3ɻ⏋MARVEL⏃MAL
andrelatedproteinsforvesicleWUDIÀFNLQJandmembrane
ܒ 1.̊˓̜ᐄغɹลᔨɭฐিܒ
ᝠ 1.̊˓̜ᐄغᬠᦹՕࡎ
̊˓̜ᐄغᕖ̊Ͳ̮˪
ǵClaudinfamily⏃cldn1,⑯ 27⏆⏧̊˓̜ᐄغ˽̜͞Ͳ̝ɹೣк
ǵMarvelD3subfamily⏃occludin,tricellulin,MarvelD3⏆
ǵImmunoglobulinsuperfamily⏃JAMfamily,ESAM,CAR⏆
ǵLSR⏃lypolysisstimulatedlipoproteinreceptor⏆
̊˓̜ᐄغᏳᔟᣒ̊Ͳ̮˪
ǵPDZdomainˁيʞ
ǵǵǵZO1,2,3,MAGI1,2,3,MUPP1,
ǵǵǵPAR3,PAR6,PALS1,PATJ,mDlg,Scrib⏋afadin
PDZdomainˁيʚɲȦ
ǵǵǵCingulin,Symplekin,heterotrimericGprotein,
ǵǵǵRab3b,Rab13,ZONAB,huASH1,GEFH1,aPKC,PP2A,
ǵǵǵPTEN,7H6,Pilt,CRB3,LYRIC,CASK/LIN2,
ǵǵǵMerlin,Angiomotin/JEAP,TAZ/YAP,etc.
15͍́ˠ˽̊˹˽ˁᐣ୫ɐʳ̊˓̜ᐄغɭ̯̜ᆓ੮
domain⏆ɹ subfamilyɫȡʳ⏏Occludinɻ⏋׬Ⴖɫɻ
˽̜͞Ͳ̝ˁ০ଁɐʳɄɭȵɫȷɲȦȵ⏋̊˓̜ᐄغɹ
೎ʢѵᰉɫȷʳ͇ͻˡͻɫȡʱ⏋˹˫̠͡Ш᧒ɴȴȴ
ʼʳՕࡎɭɌɩᩂឹɫȡʳ⏏TricellulinɭLSR⏋ILDR1⏋
ILDR2ɻ 3Ᏻᔟஞመဣɴ႕ᅵᇕɴ࣌ܧɐʳ6⏆⏏Ᏻᔟᣒ
ᛯᇐɭɌɩ ZO1⏋ZO2⏋ZO3ʦ cingulinɲɰ޽ȼ
ɹ̊˓̜ᐄغគଠɠᛯᇐȵឿՏɇʶɩȦʳ⏃ᝠ 1⏆⏏႕
ɴ ZO1ɭ ZO2ɻ⏋᣸ݭᛯᇐɭɌɩ̊˓̜ᐄغ০ଁɴ
ਖ᯷ɫȡʳ⏏̊˓̜ᐄغɻ⏋˵˓̜ˡ˓Ͳ؝ࢅк⏋toll
likereceptor⏋proteaseactivatedreceptorɲɰˁЂɌɛ
ɇʚɊʚɲ˹˫̠͡Ш᧒Ꮩɴʭɤɩ⏋Ᏻᔟ႕ᅵᇕɴըਉ
ɇʶɩȦʳ⏏̊˓̜ᐄغ̫͠ˏลᔨɻ⏋ᏳᔟԒ ATP⏋
actinÀODPHQW⏋gapjunctionลᔨɴ৯ᯱˁ؝ȿʳɄ
ɭȵሾʰʶɩȦʳ⏏
4ǵ൒Ԓ؝ࢅкɴʭʳ̊˓̜ᐄغ০ଁɭᏳᔟෑਸ০ଁ710⏆
ǵΫᇤᏳᔟࣝȵᅊкԒ޺ɹᅵɲʳᄩޅˁՕᮐɌ⏋ᅊкɹ
ੈ।ਸˁᐣ୫ɐʳɛʠɴɻ⏋̊˓̜ᐄغȵਖឹέخ๕ɫ
ȡʳ⏏ɌȴɌ⏋ɰɹʭȩɲ˹˫̠͡Օࡎɴʭɤɩ̊˓̜
ᐄغȵృᅊɇʶ⏋ΫᇤՕ׋ɭᏳᔟෑਸȵკ਄ɇʶʳȴ
ɴɦȦɩɻᬏȦᬚέ౩ɫȡɤɛ⏏
ǵ͇˗˽ F9Ᏻᔟൎɻ⏋̨ͤ̍˓Ͳᨧ⏃retinoicacid7
RA⏆ࡔܧάɫ׬ࣝݛ᰸⏋༝ᧉݛ᰸ɐʳɭ⏋عǾࠃ؅Ԓ
ᔜᘽ⏃primitiveendoderm7PrE⏆⏋ᕬүԒᔜᘽ⏃visceral
endoderm7VE⏆ɴሂয়ɐʳᏳᔟɴՕ׋ɐʳ⏏PrE⏋VE
Ᏻᔟɻ⏋Ȧɑʶʢ̊˓̜ᐄغˁ೑ɐʳΫᇤ෵Ᏻᔟɫ⏋ᔙӻ
ଁՕˁሁஞុɤɩȦʳ⏏ଂǾɻ⏋rtTAɭ͠ˤͲ̝ћࡔ
ਸCre͠˱Ͳ̲̠ͻ̄CreERT 23⏋24⏆ˁੈ।ᇍჼɇɓɛ
F9ᏳᔟˁᅎȦɩ⏋RAȵ႕ᅵᇕɲ̨ͤ̍˓̝ X؝ࢅк
⏃RXR⏆/̨ͤ̍˓Ͳᨧ؝ࢅк⏃RAR⏆ϠᩄкˁЂɌɩ⏋
Ȧȼɦȴɹ̊˓̜ᐄغՕࡎɹᇍჼɭ̊˓̜ᐄغɹృᅊˁ
᠛ࢷɐʳɄɭˁ౩ʰȴɴɌɛ7⏋8⏆⏏ʚɛ HNF4alpha
ɹᇍჼˁDoxɫ᠛ࢷɫȷʳ F9ᏳᔟൎˁปጓɌ⏋HNF
4alphaȵ occludin,claudin6,claudin7ɹᇍჼʦ⏋
ลᔨᇕ̊˓̜ᐄغɹ০ଁ⏋ؾಁɴΫᇤᏳᔟɹෑਸ০ଁ
ɹ៷୞ɫȡʳ਎ᐍພ০ଁˁ᠛ࢷɐʳɄɭˁ౩ʰȴɴɌ
ɛ9⏋10⏆⏏
5ǵ̯̜ᆓ੮ɭ̊˓̜ᐄغ
ǵ̯̜᧨Шਸᆓ੮ɭ̊˓̜ᐄغᛯᇐɹᬠѥɫɻ⏋ж͇˫
̦˹˗͌ᝐᆗɹ؅܍᧨Шࡎ⏃claudin16⏋19⏆⏋ઢᯭਸ
ᮑᓵ⏃claudin14⏋tricellulin⏋LSR⏆⏋᳋ᴔᇈɭᔗ፬မ
ɹغшᆗ⏃claudin1⏆ȵݬٚɇʶɩȦʳ⏏̊˓̜ᐄغ
̫͠ˏลᔨɻ⏋ɇʚɊʚɲᆓ੮ɫลᔨжάˁᣱɄɐ⏏
Υᖔᇕɲ؅܍ɭɌɩ⏋ᛕᝐɲɰɴʭʳᏳᔟԒ ATPɹ
жά⏋ᏳᘖນᏬɲɰɴʭʳ͇˓˪̶ͦˑ͍͞Ͳ̜ɹ޴׋⏋
˧̺͑̒ᐄغɹลᔨжάȵȡʳ3⏋4⏆⏏
ǵ༥׋፬ȴʰɹCa2+ُؚɻ⏋̲̊͊ͲDћࡔਸɫȡʳ
ɄɭȵʭȼሾʰʶɩȦʳ⏏кԒɴُؚɇʶʳCaɹᏝ 80⎾
ɻ⏋paracellularrouteɫкԒɴԂʳɄɭȵᅊჿ࡝ᇕɴ
ኍɇʶɩȦʳ⏏Ʉʶɻ⏋Ca2+ȵ̊˓̜ᐄغˁᦲ᧌Ɍ
ɩȦʳɄɭˁઝ٢ɌɩȦʳ⏏Claudinɻ⏋ፀΥᏳᔟ޺͡ͻ
̺ɴᢦᮚᗼˏ̨͊ᨧȵ޽Ȧݭغɴɻ᭞˓ˠͲ̦̍͑͡ɭ
Ɍɩ⏋᭞ᮚᗼˏ̨͊ᨧȵ޽Ȧݭغɴɻ᭖˓ˠͲ̦̍͑͡
ɭɌɩӈȼ⏃ܒ2⏆⏏ᕉΫᇤᏳᔟɴɻ⏋claudin1,2,3,
4,7,8,12,15ȵᇍჼɌɩȦʳ11⏆⏏ᕉΫᇤɴᇍ
ჼɌαɦፀΥᏳᔟ޺͡ͻ̺ɴᢦᮚᗼˏ̨͊ᨧˁ޽ȼ೑ɐ
ʳ claudinȵCa2+ɹparacellularchannelɭɌɩӈȷ⏋
Ca2+ɹᏳᔟᬚ᭫ᦲ᧌ˁըਉɐʳخᔨਸȵᲞȦ⏏Ʉɹ
ʭȩɲែဣȴʰ⏋claudin2,7,12,15ɴɦȦɩ⏋
̯̜߂ᕉȵ˃Ᏻᔟɭ⏋̲̊͊Ͳ D̺ͤ́̊ͻ̨̒˪
ˏ˗̜͇˗˽ˁᅎȦɩ⏋̲̊͊Ͳ D3ɴʭʳ᠛ࢷਸˁ
㻯㼘㼐㼚䛿➨୍⣽⬊እ䝗䝯䜲䞁䛾Ⲵ㟁ᛶ䜰䝭䝜
㓟䛾✀㢮䡠఩⨨䚸ᩘ䛻䜘䛳䛶␗䛺䜛䜲䜸䞁
㑅ᢥᛶ䜢᭷䛩䜛㻌㻌
㻌 ㈇㟁Ⲵ䜰䝭䝜㓟㻌䊻㻌㝧䜲䜸䞁䝏䝱䝛䝹㻌
㻌 㝧㟁Ⲵ䜰䝭䝜㓟㻌䊻㻌㝜䜲䜸䞁䝏䝱䝛䝹㻌
E

ůĂƵĚŝŶ
;ůĚŶͿ
ůĚŶyĂϮн
WĂƌĂĐĞůůƵůĂƌĂϮнĐŚĂŶŶĞů
ůĚŶy
ϭ͘ ĂϮн䛾⣙ϴϬй䛿ƉĂƌĂĐĞůůƵůĂƌƌŽƵƚĞ
䛷྾཰䛥䜜䜛䚹
Ϯ͘ ⭠ୖ⓶䛻Ⓨ⌧䛧ୟ䛴➨୍⣽⬊እ䝗䝯
䜲䞁䛻㈇㟁Ⲵ䜰䝭䝜㓟䜢ከ䛟᭷䛩䜛
ůĚŶϮ͕ůĚŶϭϮ䛜ĂϮн䛾ƉĂƌĂĐĞůůƵůĂƌ
ĐŚĂŶŶĞů䛸䛧䛶ാ䛟䚹
ϯ͘ 䛣䜜䜙䛾ůĚŶƐ䛾Ⓨ⌧䛿䝡䝍䝭䞁ϯ䛻
䜘䛳䛶ㄏᑟ䛥䜜䜛䚹
ܒ 2.̊˓̜ᐄغ̫͠ˏลᔨɭ Ca˓ˠͲُؚ
16 ࿚ᅒԎܯ
ද២Ɍɛ⏏ɗɹᐄഗ⏋̲̊͊Ͳ D3ɻ⏋VDRˁЂɌ
ɩᕉΫᇤɴȲȿʳ claudin2ɭ claudin12ɹᇍჼˁ᠛
ࢷɌɛ⏏Ɍɛȵɤɩ⏋claudin2ؖʃ claudin12ȴʰɲ
ʳ ̊ ˓ ̜ ᐄ غ ɻ⏋ ᕉ Ϋ ᇤ ɴ Ȳ ȿ ʳ Ca2+ɹ
paracellular channelɭɌɩӈȷ⏋Ca2+ɹᏳᔟᬚ᭫ᦲ
᧌ˁ̲̊͊ͲDћࡔਸɴըਉɐʳɄɭȵ౩ʰȴɴɲɤ
ɛ12⏆⏏
ǵမᆗʦᕄᆯᏼᑩɫɻ⏋ᝐ፬ԒᇤᏳᔟɹ̊˓̜ᐄغลᔨ
ȵжά⏃ᝐ፬ᦩ᧌ਸȵϮᦽ⏆ɌɩȦʳ⏏ᝠ 2ɴኍɐ
ʭȩɲᆓ੮ɫ⏋̊˓̜ᐄغɹ̫͠ˏลᔨжάȵሾʰʶ
ɩȦʳ3⏆⏏ᝐ༰ᔶᬠᬐ⏃bloodbrainbarrier7BBB⏆
ᝐ፬ԒᇤᏳᔟɻ̊˓̜ᐄغȵᯃ।ɴᇍ᧒ɌɩȲʱ⏋ᚫ႒
໠ᆹɹែဣȴʰɻᔶᕄᆯɹ೑֟ɲᚫ႒໠ᆹɹ᭭ባɭ
ɲɤɩȦʳ⏏BBBɴᭉʰɑ⏋༥׋፬⏋ຩ᧑ɲɰɹΫᇤ
Ᏻᔟ̊˓̜ᐄغɻᯃ।ɴᇍ᧒ɌɩȲʱ⏋ᅊкᬿਉɹᩂឹ
ɲឹᏬɫȡʳΥ౅⏋ᚫջُؚɹ᭭ޖɭɲɤɩȦʳ⏏ʢɌ⏋
ɄʶʰɹΫᇤᏳᔟɹ̊˓̜ᐄغˁخᦥᇕɴᠭ፲ɐʳɄɭ
ȵɫȷʶɽ⏋ʭʱ֟რᇕɴᚫ႒ˁହήɫȷʳɭೝ৺ɇʶ
ɩȦʳ⏏
ǵઢയᆗɭɹᬠѥɫɻ⏋ͤˠ˗˓͡˽ȵ JAMA⏋˱˪
˵̒˥ͻ˗˓͡˽ɭˏ̨̚˗˓͡˽ȵ CARˁ̺ͤ́
̊ͻɭɌɩȦʳ⏏೎ᦏ⏋C݀ᔈမ˗˓͡˽ȵ̯̜ᔈᏳᔟ
ɴઢയɐʳ᭬ɴ⏋CD81ɭɭʢɴ occludin⏋claudin1ȵ
coreceptorɭɌɩਖ᯷ɫȡʳɄɭȵ౩ʰȴɴɲɤɛ⏏ɇ
ʰɴ˱ͤ͞ᘖɻ occludin⏋˗˛͡˹ᘖນᏬɻ claudin3⏋
claudin4⏋˗˛͡˹ᘖCDTɻLSR⏋̼͠˱̫˪̊ͻ
̴ͦ͠ɹ CagAɻ par1ɴᐄغɐʳ3⏋4⏆⏏ᕉ፬ᆖ؅ਸ
߂ᕉᘖ⏋˻̶̘͠ˏᘖɲɰɻ⏋ˏ˪̍Ͳᩂغˁ޴׋ɇɓ⏋
̊˓̜ᐄغลᔨˁжάɇɓʳ⏏ᝐ፬Ԓᇤވຂ܍ࡎ
⏃vascularendothelialgrowthfactor7VEGF⏆ˁፆ
ᰄɴ޽ȼɹ˵˓̜ˡ˓Ͳȵ̊˓̜ᐄغลᔨˁжάɇɓ
ʳɹɫ⏋မᆗʦᕄᆯᏼᑩɫɻᝐ፬ԒᇤᏳᔟɹ̊˓̜ᐄ
غลᔨȵжά⏃ᝐ፬ᦩ᧌ਸȵϮᦽ⏆ɌɩȦʳ⏏
ǵȵ˃ɫɻ⏋̊˓̜ᐄغȵೡၓɫȡʳ⏏ɌȴɌclaudinɻ⏋
҅Ǿɹȵ˃ɴʭɤɩᇍჼȵΫ౥ɐʳݭغʢȡʶɽжάɐ
ʳݭغʢȡʱ⏋ɗʶʰɹ޴׋ɴɻ epigenetic change
ȵᬠήɌɩȦʳ13⏋14⏋15⏆⏏̊˓̜ᐄغᛯᇐɹᇍჼȵΫ
౥ɐʳݭغɴɻ⏋̊˓̜ᐄغᨆеГ޺ɴʢࡔܧɌ⏋ɗ
ɹᛯᇐɹᇍჼˁ̨̒˪ˏ˗̜ȡʳȦɻ̨̒˪̋˗Ͳɐʳ
ɭ⏋ᧉᣬᔨ⏋ވຂᔨʦᦶᕄᆯᔨȵжάɐʳ⏏ɄɹɄɭȴ
ʰʢ̊˓̜ᐄغᛯᇐȵ̊˓̜ᐄغลᔨɴᬠήɐʳɹʛɲ
ʰɑೡሾɹลᔨˁ୫ɤɩȦʳɄɭȵ஠ࡴɇʶʳ3⏋4⏆⏏̊
˓̜ᐄغᕖᛯᇐɻ⏋ɗɹᏳᔟ޺̝͍˓Ͳȵ೑೚ɲ໠ᆹฌ
ᇕɭᓒȭʰʶɩȦʳ⏏႕ɴ claudin4ɻ⏋˗˛͡˹ᘖ
ນᏬɹ̺ͤ́̊ͻɫȡʳɄɭȴʰ⏋ȵ˃ɹ໠ᆹʍɹਝ
ᅎȵ᠅ʛʰʶɩȦʳ16⏋17⏋18⏆⏏ȵ˃ɹࢆςɴȲȦɩɻ⏋ᝐ
፬ԒᇤᏳᔟ19⏆ɭμᇤᏳᔟ20⏆ɹ̊˓̜ᐄغɻ⏋ɗʶəʶ
ȵ˃Ᏻᔟɹᝐ᝔᥊ውʦкᔿԒ௢ዛˁଵըɐʳɭᓒȭʰ
ʶɩȦʳ⏏Гά⏋ଂǾȵςɴ᝔ɤɩȷɛȋᔗຳக໦ɭᔈ
ࡸᣒᏳᔟɹ̊˓̜ᐄغȍ⏋ȋᏋ࣋ᆖᐨᕖᆗɭᝐ፬ԒᇤᏳ
ᔟɹ̊˓̜ᐄغȍ⏋ȋ̯̜ᶧᎳᕖᏼᑩɭ̊˓̜ᐄغ⏩Ꮃᕖ
̫͠ˏɹ͐̚͡ɭɌɩȍɹ 3ɦɹ̘ͻ͇ɴɦȦɩ⏋ࢹ
Ɍ᠎Ɍȼᦚʏʳ⏏
5͹1 ຳக໦ɭ̊˓̜ᐄغ
ǵᔈမ⏋ᔈ᭭ࢀ⏋ᔈᆽɲɰ෵Ǿɲᔈᆓ੮ɫɻ⏋ᔈᏳᔟɹ
ᏳᔟᬚஞመខᒞɴᘿɌȦ޴׋ȵ᠗ʠʰʶ47⏆⏋ᔈᏳᔟ
ɹϠɦɹᏳᔟᬚஞመខᒞɹลᔨжάȵཉȼᬠήɌɩȦ
ʳ6⏋7⏆⏏ᏳᔟᬚஞመខᒞɹΥɦɻᏳᔟᬚ˱̢͖͊˭ͻ
˹͚Ͳˁ᝔ȩ˧̺͑̒ᐄغɫᔗຳՕ໪ؖʃພᏳᔗ፬᧊֪
ɴࢌஞɴᬠήɌɩȦʳɭᓒȭʰʶɩȦʳ⏏ʢȩΥɦɻ⏋
ᔈᏳᔟɹພᏳᔗ፬ˁ˹ͻ͡ɌɩȦʳ̊˓̜ᐄغɫȡʳ
⏃ܒ 3A⏋B⏆⏏̊˓̜ᐄغȵᅊкɴɭɤɩ೑ນɲᔗຳ
ᝠ 2.̊˓̜ᐄغ̫͠ˏลᔨɴᬠᦹɌɛ̯̜ᆓ੮
1.ᝐ፬Ꮩ⏧༝ᕄ⏋˵˓̜ˡ˓Ͳᝐᆗ⏋Ꮛ࣋ᆖਸᐨᕖᆗ⏋
ǵǵǵǵǵ޽ᇍਸ቙׋ᆗ⏋ᝐ᝔ਸ᥊ው
2.༥׋፬Ꮩ⏧Ᏻᘖਸᔕမ⏋ҳᕖਸᕉမ⏋˪ͦͻͲᆖ⏋
ǵǵǵǵǵ࿊ᆯਸ߂ᕉမ⏋̲̊͊Ͳ D๕ϋਸˡ͡˹˗ُؚ͌᭭ࢀ
3.ᔈ⏧ᶅᆏ⏋؅ᇍਸᔗຳਸᔈ቙޴⏋؅ᇍਸ቙׋ਸᔗ፬မ
4.٧ُ۬Ꮩ⏧ڻਖ਼⏋ˏͤ͡˧ͻਸᶧမ⏋٧ُጇᦗᆗҌᒴ
5.˗ˑ͡˽ઢയ⏧ͤˠ˗ˑ͡˽⏋ˏ̨̚˗ˑ͡˽⏋B݀ᔈမ˗˓͡˽
ǵǵǵǵǵ˱˪˵̒˥⏎˗ˑ͡˽⏋ͦ̊˗ˑ͡˽⏋HIV˗ˑ͡˽
6.ᇤᕕ⏧ˏ̴̜ͻਸᇤᕕမ
7.᧨Шਸᆓ੮⏧ࢃ౏ਸж͇˫̦˹˗͌ᝐᆗ⏋ᮑᓵ⏋ۺᔟਸᐻᐣᆗ⏋
8.ɗɹЈ⏧׺ु᧌րլ࿠ᆗҌᒴ⏃OHSS⏆
17͍́ˠ˽̊˹˽ˁᐣ୫ɐʳ̊˓̜ᐄغɭ̯̜ᆓ੮
QP
QP
$
%


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ܒ 3.ພᏳᔗ፬⏃BC⏆ɭ̊˓̜ᐄغ
 ⏵⏧ᬐᔭȴʰ̜ͤ˓˵ͻ⏃͞Ͳ̊Ͳ⏆ˁ໶ԂɌɩʢ⏋ພᏳᔗ፬
ᦇᑉɴࡔܧɐʳ̊˓̜ᐄغɴʭʱ⏋̜ͤ˓˵ͻɻພᏳᔗ፬
ɴ༑ԂɌɲȦ⏏
 ⏸⏧̊˓̜ᐄغ˽̜͞Ͳ̝ȵພᏳᔗ፬ˁ˹ͻ͡ɌɩȦʳ⏏
ȵᔗ᧑ȴʰ߂਌ᄩɴྯՏɌᶅᆏȵᇍᆗɐʳɹˁᬿȦɫ
Ȧʳ21⏆⏏ɄɄɫɻ⏋ଂǾȵɄʶʚɫ᝔ɤɩȷɛᔈᏳᔟɹ
˧̺͑̒ؖʃ̊˓̜ᐄغɹᇍჼᠭ፲ล෯ɴɦȦɩᦚʏʳ⏏
ǵᔈᏳᔟɴɻ⏋˧̺͑̒ᐄغᛯᇐɭɌɩ˱̦˥˹Ͳ
⏃connexin7Cx⏆32Ȳʭʃ Cx26⏋̊˓̜ᐄغᬠᦹɹ
ᕖᛯᇐɭɌɩoccludinȲʭʃclaudin1,2,3ȵعǾ
ᕖΫɴᇍჼɌɩȦʳ6⏆⏏՟Бݛ᰸̜̒͞ᔈᏳᔟɫɻ⏋
˧̺͑̒ᐄغᛯᇐ⏃Cx32ɭ Cx26⏆⏋̊˓̜ᐄغɹᕖ
ᛯᇐ⏃occludinɭ claudin1⏆Ȳʭʃ̊˓̜ᐄغᬠᦹ
ᛯᇐ⏃ZO1,ZO2⏆ȵعǾᏳᔟஞመᨆɴᲞᇍჼɌ⏋
ᣳ਎෯ᦶΫʭȼᇍ᧒Ɍɛ̊˓̜ᐄغ෯ᦶ႒Ԓɴʢ
˧̺͑̒ᐄغ෯ᦶ႒ʢ៎࢘ɇʶɛ⏏Ϡᩂӹᆊയᖬˁ᝔Ȧ
Ԋ့ဣͤͻ˸ͻᰒ਎᫦ɫ᠎Ᏻɴ៎࢘Ɍɛᐄഗ⏋Cx32ɻ⏋
lateralᕖɹ basalүɫɻᎲ߂ɲ dotႥɴ៎࢘ɇʶ⏋apical
үɫɻ lineႥɴ᠗ʠʰʶɛ⏏ɇʰɴ apicalүɹCx32ɻ⏋
occludinɲɰɹ̊˓̜ᐄغᛯᇐɭ࣌ܧȵΥᕹɌɩȦɛ22⏋23⏆⏏
ǵ͇˗˽ᔈᏳᔟൎɴ⏋̯̜Cx32ˁ᧨ШࡎࢷԂɐʳɭ24⏆⏋
occludin, claudin1,2ɹᇍჼɹވ֓Ɍ⏋̊˓̜ᐄغ
˽̜͞Ͳ̝ɹވ֓Ȳʭʃ̊˓̜ᐄغԒɴ˧̺͑̒ᐄغ
෯ᦶ႒ȵʛʰʶɛ⏏Cx32̨̒˪ˏ˗̜͇˗˽ᔈᏳᔟɴ
Cx32᧨ШࡎˁࢷԂɐʳɭ⏋occludin,claudin1,ZO1
ɹᇍჼɹވ֓⏋̊˓̜ᐄغɹ̶˙Ͳ˽Ȳʭʃ̫͠ˏลᔨ
ɹϮᦽȵʛʰʶɛ⏏ɇʰɴ circumfentialactin০ଁɹ
ވ৔ʢ᠗ʠʰʶɛ⏏Ʉɹ᧨ШࡎࢷԂᏳᔟɹ occludinȲʭ
ʃ claudin1ɹᇍჼɻ⏋˧̺͑̒ᐄغᭀࢀջɫଵըȵ
ʛʰʶɛ⏏ɌȴɌ⏋ʓȴɹ˧̺͑̒ᐄغᛯᇐɫȡʳCx26
ʦCx43ɹ᧨ШࡎˁࢷԂɌɩʢ⏋̊˓̜ᐄغᛯᇐɹᇍჼ
ɴ৯ᯱȵɲȴɤɛ25⏆⏏ГΫɹᐄഗɻ⏋˧̺͑̒ᐄغ
ᛯᇐɫȡʳ Cx32ɹᇍჼȲʭʃɗɹ˱̢͖͊˭ͻ˹͚
ͲᔨȵᔈᏳᔟɹ̊˓̜ᐄغˁ᠛ࢷɐʳɄɭˁኍɌɩȦʳ⏏
Ʉɹʭȩɲᬠѥɻ⏋ᅵɲʳ Cxɫȡʳȵ⏋ᕉΫᇤᏳᔟ
ʦ BBB26⏆ɹᝐ፬ԒᇤᏳᔟɫʢݬٚɇʶɩȦʳ⏏
5͹2 Ꮛ࣋ᆖᐨᕖᆗɭᝐ፬ԒᇤᏳᔟɹ̊˓̜ᐄغ
ǵBBBɹೣкɻ⏋ᝐ፬ԒᇤᏳᔟɴࡔܧɐʳʭȼᇍ᧒
Ɍɛ̊˓̜ᐄغɫȡʱ⏋Ᏻᔟᬚ᭫ɹ႒ᣒɹᦲ᧌ˁ؏Ɍȼ
ըᭉɌɩᔶԒɹ͍́ˠ˽̊˹˽ɹᐣ୫ɴཉȼᬠήɌɩ
Ȧʳ⏏BBBʦԒүᝐ༰ᐨᕖᬠᬐ⏃innerBRB7BRB⏆
ɻ⏋ພᏳᝐ፬ԒᇤᏳᔟᬚˁᦹᐚਸɴʭȼᇍ᧒Ɍɛ̊˓̜
ᐄغȵᑈࢌɲᏳᔟ˹ͻ̜ˁ০ଁɌ⏋ɗʶˁ˫͠ˏᏳᔟȵ
޺үȴʰ؜ʱܑʞ႕ਐᇕɲᏼᑩ࡝ᇕ෯፷ˁ೑ɌɩȦʳ⏏
Ʉɹᅊк̢̜̒͘Ԓɫ˫͠ˏᏳᔟɭᝐ፬ԒᇤᏳᔟɹลᔨ
ᇕᬠᦹȵ઎ࡴɇʶɩȦʳ⏏
ǵVEGFɻ⏋৔֐ɲᝐ፬ᦩ᧌ਸϮᦽ܍ࡎɫȡʳ⏏ᐨ
ᕖɫɻςɴ˫͠ˏᏳᔟȵVEGFˁᅋᅊɌɩȲʱ⏋Ꮛ࣋
ᆖᐨᕖᆗɴȲȿʳພᏳᝐ፬ᦩ᧌ਸɹϮᦽɻ⏋ᐨᕖɫᅋ
ᅊɇʶʳVEGFɴʭʳɭᓒȭʰʶɩȦʳ⏏BBB෯ଁᝐ
፬ԒᇤᏳᔟɴ cAMPˁсᅎɇɓʳ27⏆ɭ⏋̊˓̜ᐄغ̫
͠ˏลᔨɹ୭ฌɫȡʳ TERȵ 34҆Ϋ౥Ɍɛ⏏Ʉʶɻ
PKAᯃ ћ ࡔ ਸ ɴ claudin5ɹ ᇍ ჼ ˁ Ϋ ౥ ɇ ɓ⏋
claudin5ɻ PKAɴʭɤɩ͠Ͳᨧ׋ɇʶɩȦɛ⏏ʚɛ⏋
˫͠ˏᏳᔟȴʰՕ໪ɇʶʳ˫͠ˏᏳᔟൎᅓഀኜᐁെ᰸܍
ࡎ⏃glial cell linederived neurotrophic factor7
GDNF⏆ȵ⏋BBBԒᇤᏳᔟɹ̊˓̜ᐄغ̫͠ˏลᔨˁ
Ϯᦽɇɓɛ28⏆⏏ɇʰɴBBBɹଁၓɴЫɤɩ⏋߂ᔶᇤᣒ
ɹພᏳᝐ፬ɴGDNF receptor⏃GFRè 1⏆ȵᇍჼɐʳ
ɄɭˁኍɌ29⏆⏋ɇʰɴᐨᕖ˫͠ˏᏳᔟȴʰʢ GDNF
ȵՕ໪ɇʶɩȦʳɄɭˁተ᠗Ɍɛ30⏆⏏
ǵVEGFɹᇍჼɻ⏋ᲞᝐᏋ⏋ᏋБᡚᅵ।⏋˵˓̜ˡ˓Ͳ
ɹᇍჼᅵ।⏋ᛕᝐȡʳȦɻжᨧᏬɫ᠛ࢷɇʶʳɄɭȵ
ঃȼሾʰʶɩȦʳ⏏Ꮛ࣋ᆖ੮ᓔɹᝐནɴɻ⏋ࢹɲȼɭ
ʢ 5ዛᰖɹ৿ೝᏋ׋ᏺೢᅋ႒⏃advanced glycation
endproducts7AGEs⏆ɭ⏋carboxymethyllysine⏃CML⏆⏋
carboxyethyllysine⏃CEL⏆ȵࡔܧɐʳ⏏̸̊ᔶᝐ፬Ԓ
ᇤᏳᔟɴ⏋عዛɹ AGEsˁсᅎɇɓᝐ፬ԒᇤᏳᔟɹ
̫͠ˏลᔨɹ୭ฌɫȡʳ TERˁཀྵࡴɌɛȵ⏋Ȧɑʶɹ
AGEsˁсᅎɇɓɩʢ⏋24ಁᬚ৿ɹTERɻ˱Ͳ̜ͦͻ͡
ɭ೑ઝेɻɲȴɤɛ⏏Υ౅⏋̯̜ᔶˏ˽̜ͦ˵˓̜ɴ
ؾ෵ɹՃჿˁɌɛɭɄʸ⏋glyceraldehydeˁЊ֓Ɍɛ
AGE⏃AGE2⏆ȵGDNFɹᇍჼˁ೎ʢжάɇɓɛ⏏ɇ
ʰɴ VEGFɹᇍჼˁ೎ʢϮᦽɇɓɛ⏏BRBɹ̊˓̜
ᐄغลᔨȵжάɴʭʳພᏳᝐ፬ᦩ᧌ਸɹϮᦽɻ⏋ςɴ
AGE2ȵ⏋˫͠ˏᏳᔟˁฌᇕɴсᅎɌ⏋ᝐ፬ᦩ᧌ਸˁ
ըਉɐʳGDNFɹᇍჼˁжάɇɓʳɭؾಁɴVEGFɹ
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ᇍჼˁΫ౥ɇɓɛᐄഗɭᓒȭʰʶɛ31⏆⏏
ǵᝐ፬ԒᇤᏳᔟɴ alltransretinoicacid⏃ATRA⏆ˁ
сᅎɇɓʳɭᝐ፬ɹ̫͠ˏลᔨȵϮᦽɐʳɄɭ19⏆⏋
RA˹˫̠͡ɹ᧡ుɴʭʱᔙᅊೝɴȲȿʳᝐ፬ృᅊȵ
ӂࢀɇʶʳɄɭȴʰ⏋᥊Ԡͤ̾͡ɫɹ RA˹˫̠͡ȵ
ᝐ፬০ଁȲʭʃᝐ፬ลᔨɴᩂឹɲ৲ւˁ೑ɐʳɄɭȵ
஠ཀྵɇʶʳ⏏ATRAˁ՟Бݛ᰸̯̜ˏ˽̜ͦ˵˓̜ɴ
сᅎɇɓʳɭ⏋GDNFɹᇍჼȵΫ౥Ɍɛ32⏆⏏ɄɹᏳᔟɹ
ݛ᰸ΫནˁᅎȦɛᝐ፬ԒᇤᏳᔟɹݛ᰸ᏙȲʭʃ⏋ˏ˽̜
ͦ˵˓̜ɭᝐ፬ԒᇤᏳᔟɹԊݛ᰸Ꮩɫ⏋ATRAՃᒞ
ˏ˽̜ͦ˵˓̜ȵՕ໪ɐʳGDNFȵ̮͞˪͞˓Ͳᇕɴ
сᅎɌ⏋ᝐ፬ԒᇤᏳᔟɹᦩ᧌ਸˁ޴׋ɇɓɛ⏏ɇʰɴ
˽̜̺̜̜ͤ̈˹Ͳ᠛ᇍᏋ࣋ᆖɹ͇͐̚͡˗˽ɫɻ⏋
ATRA̺ͤ́̊ͻ⏃RARè⏆ɹϺू͠ˤͲ̝ହήᒴɻ⏋
ᯃହήᒴɴປᥒɌ೑ઝɴᝐ፬ᦩ᧌ਸɹϮᦽȵଵըɇʶɩ
Ȧɛ32⏆⏏ɇʰɴɄʶʰɹՃᒞɴʭʱᐨᕖኜᐁᏳᔟɹ
ˏ̜ͅͻ˹˽ʢ೑ઝɴଵըɇʶɩȦɛɄɭȴʰ33⏆⏋
RARèլ࿠ɻ⏋ᝐ፬ᦩ᧌ਸɹϮᦽɭȦȩᏋ࣋ᆖɫᣱɄ
ʳ՟ೝ޴׋ɴࢪɌ೑ᅎɫȡʳɭؾಁɴ⏋ኜᐁѳᡸсᅎᇕ
ɴсᅎɌ⏋ᐄഗɭɌɩᏋ࣋ᆖႥ઴ɴȲȿʳᐨᕖɹӂࢀ
ˁ܌᧫ɫȷȩʳଝຍɫȡʳɭᓒȭʰʶɛ⏏
5͹3 ̯̜ᶧᎳᕖᏼᑩɭ̊˓̜ᐄغ⏧Ꮃᕖ̫͠ˏɹ
͐̚͡ɭɌɩ
ǵᶧڀᔿᎳᕖɻ⏋ᅊкᬿਉɹ೎մᐻɫȡʱ⏋ᕶးӹᆊ⏋
Ꮃᕖӹᆊ⏋კ਄ӹᆊɴሁஞᬠʼɤɩȦʳ⏏޺ഀ܍ࡎɹ
ѢԂˁȦȴɴᬿਉɐʳȴ⏋޺ഀ଻؅ˁȦȴɴઢሾɐʳ
ȴɻ⏋ᦏॷ⏋̮̊ͻͲ᠗ᡫ؝ࢅкɹᇍឿɴʭʱ⏋଻؅
᠗ᡫʦမᆗɹ͍ˡ̢̀͌ȵ౩ʰȴɴɲʱɦɦȡʳ⏏Ʉ
ʶʰɹؙਝȵ᠛ࢷɇʶʳɛʠɴɻ⏋଻؅ɲɰɹ႒ᣒȵ
ΫᇤᏳᔟ̫͠ˏˁᣳȭ⏋Ϋᇤάʍᥥᦢɇʶɲȿʶɽɲ
ʰɲȦ⏏ɄɹΫᇤ̫͠ˏɹೣкȵ̊˓̜ᐄغɫȡʳ⏏
̊˓̜ᐄغɻ⏋Ʉʶʚɫᆖ؅кɴࢪɌɩᕶးӹᆊɹμ
ɫ׬ɲʳ႒ჿᇕɲ᭭ޖɭᓒȭʰʶɩȷɛ⏏ᦏॷ̊˓̜
ᐄغȵ̋˓̠͊̒˪ɴըਉɇʶɩȦʳɄɭȵ౩ʰȴɴ
ɲʱ⏋ᕶးӹᆊɴȲȿʳ̊˓̜ᐄغɹ৲ւɴᖂ٢ȵʢ
ɛʶɩȦʳ⏏ᶧᎳᕖΫᇤᏳᔟࣝˁЂɌɛ႒ᣒᥥᦢ͍ˡ
̢̀͌ɻ⏋ᶧڀᔿɫɹမᆗ͹ӹᆊؙਝ᧌ዐɫɄʶȴʰ
ៗ౩ɇʶʳʏȷᩂឹɲ˽̘̺̒ɫȡʳ⏏
ǵГΫɹဣˁᤑʚȭ⏋ʚɑӹᆊᏼᑩ࡝ᇕɴ̯̜ᶧᎳᕖ
ᏼᑩɹ̊˓̜ᐄغᛯᇐɹදᏮˁ᝔ɤɛ⏏ᲊȦɛɄɭɴ
ΫᇤᏳᔟɹʛɲʰɑปႥᏳᔟɴʢ̊˓̜ᐄغᛯᇐɹᇍჼ
ȵ᠗ʠʰʶɛ⏏ปႥᏳᔟɻ⏋ΫᇤᏳᔟᬚɹ̊˓̜ᐄغˁ
ዺȷାȿʳʭȩɴɗɹዺᣱˁᶧᔿԒʍɭЭɽɌɩ⏃⏱⏆
Ȧɛ34⏆⏏ˏͤ͡˧ͻਸᶧမ੮ᓔɫɻ⏋ΫᇤԒɴࡔܧ
ɐʳปႥᏳᔟɹధȵ೑ઝɴވ֓ɌɩȲʱ⏋ɇʰɴΫᇤ
Ᏻᔟɫɻ⏋ˏͤ͡˧ͻਸမᆗɹ͇˽̊ͻ˽˓̒̍ɫȡʳ
thymicstromal lymphopoietin⏃TSLP⏆ɹᇍჼȵϮᦽ
ɌɩȦɛ35⏆⏏ݛ᰸๭।̯̜ᶧᎳᕖΫᇤᏳᔟɫɻ⏋tolllike
receptor⏃TLR⏆110ˁᇍჼɌɩȲʱ⏋TLR3͠ˤͲ̝
ɴʭʱ TSLPᅋᅊȵ೑ઝɴΫ౥Ɍɛ35⏆⏏Υ౅⏋ปႥ
Ᏻᔟɻ⏋лʰȴɹ̊˓̜ᐄغՕࡎˁᇍჼɌɩΫᇤᏳᔟᬚ
ˁྜྷʳʭȩɴዺᣱˁЭᬏɇɓʳɭ઎Ӊɇʶʳ⏏ʚɛᶧ
ᎳᕖɴM cellȵࡔܧɐʳɭᓒȭʰʶɩȦʳ36⏆⏏Ʉʶ
ʰɹᏳᔟɹ৲ւɴɦȦɩɻ⏋Ё৿᠎Ᏻɲද២ȵਖឹɫ
ȡʳ37⏆⏏
ǵˏͤ͡˧ͻਸᶧမɹˏͤ͡˰Ͳɴɻ⏋Derp1⏋ᖽᎬ
ʦˏ˽̿͡˧͡˽ᔟࡎɲɰ⏋̺̘ͦˏͻ̄༎ਸˁʢɦ
ʢɹȵȡʱ⏋proteaseactivated receptor⏃PAR⏆ɹ
ᬠήȵᓒȭʰʶɩȦʳ⏏ɗɄɫᐶᕤᘖ˛͞˽̊ͻ̄ˁ
ݛ᰸ᶧᎳᕖΫᇤᏳᔟɴсᅎɇɓʳɭ⏋PAR1ɹᇍჼ
ɻ৯ᯱˁ؝ȿɲȦȵ⏋PAR2ɹᇍჼɻΥ᧌ਸɴжά
Ɍɛ⏏̊˓̜ᐄغ̫͠ˏลᔨɻʦʦᧆʶɩΥ᧌ਸɴжά
Ɍɛ⏏׬ɴ PAR2ˁ̨̒˪̋˗ͲɌɩʢ̊˓̜ᐄغ
ᛯᇐɹᇍჼȵжάɌɛ⏏Υ౅⏋PAR2ˁ̨̒˪̋˗Ͳ
Ɍɩ˛͞˽̊ͻ̄ˁсᅎɇɓɩʢ⏋̊˓̜ᐄغᛯᇐɹ
ᇍჼжάȵ᠗ʠʰʶɛ15⏆⏏Ʉɹᐄഗɻ⏋ᐶᕤᘖ˛͞
˽̊ͻ̄ȵ PAR2ˁЂɐʳᐁᤉɭЂɇɲȦᐁᤉɴʭ
ʱ⏋̊˓̜ᐄغ̫͠ˏลᔨˁжάɇɓʳɄɭˁኍɌɩ
Ȧʳ⏏ᯆᇐȦɄɭɴ PAR2ˏ˳̢˽̜ˁсᅎɇɓʳ
ɭ⏋̊˓̜ᐄغɴࢪɐʳ˛͞˽̊ͻ̄ɹсᅎȵଵըɇ
ʶɛ38⏆⏏̯̜ᶧᔿɴȲȿʳ।ܧᘖɭ TLRʦ PARɹ
ᬠѥ⏋ɇʰɴɗʶʰɹሂϣсᅎɹᐄഗɭɌɩɹ̊˓̜
ᐄغ̫͠ˏลᔨɭɹȴȴʼʱɹៗ౩ȵЁ৿ɹᠩᰍɫȡʳ⏏
6ǵʚɭʠ
ǵ̊˓̜ᐄغɭ̯̜ᆓ੮ɴɦȦɩ⏋ፆᓔʰɹ̚ͻ̊ˁ
μਕɴᦚʏɛ⏏ᆖຩɻ⏋᧨Шࡎɭᄩޅɹሂϣсᅎɫᇍ
ᆗɐʳ⏏ɗɹઝ٢ɫᅊкɭ޺ᅠɹϟࡸΫޅᅠˁɲɐ̊
˓̜ᐄغȵഗɛɐ৲ւɻ߂ȷȦ⏏̊˓̜ᐄغɻԃ᤹ɴ
Օ॒ɌɩȲʱ⏋ᝐ༰ᔶᬠᬐ⏋Ꮃᕖ̫͠ˏʦᇤᕕ̫͠ˏ
ɹೣкɫȡʳ⏏Ʉʶʰɹ̫͠ˏɻ⏋͍́ˠ˽̊˹˽ᐣ
୫ʦᅊкᬿਉɹᯆɫෑʠɩᩂឹɫȡʳΥ౅⏋໠ᆹᯆɫ
ɻᚫ႒ହήɹ߂ȷɲ᭭ޖɭɲɤɩȦʳ⏏ȋ̊˓̜ᐄغ
̫͠ˏลᔨȍɭȦȩែဣȴʰᆖຩˁሖʠʳɭ⏋෵Ǿɲ
ᆓᆖɹϜᬿʦ໠ᆹʦᚫ႒ହή໬ɲɰɴɄʶʚɫɭɻᅵ
ɲʳృɌȦ̮̋͞˓͌ȵࣙᬖɌɩȼʳ⏏
7ǵȲʼʱɴ
ǵʈʱȴȭʶɽٞʱȴʰఌȭʰʶɛ቉ድᅊ༎ɞɤɛ⏏
೤५כ߂ȵ˃቉ድଘᆖჿᨆᬐ߂࡝᭏ᅊɹ᯴ɴɻ⏋ݻᅒ
ᗔψؿ᠕ఠஐȴʰ͇Ͳ̓ͻ͇Ͳɫлȴʰлʚɫ୭ࢷˁ
؝ȿɛ⏏ᅥ࡝ಁБɻ⏋Dr⏏HenryC⏏PitotȴʰᕶՕ
ɫᓒȭू߅Ɍ⏋ᐄഗɹغჿਸˁኍɐɄɭɹᩂឹਸˁఠ
ȭɩȦɛɞȦɛ⏏⏃ᢧ⏆ᆽ቉ಁБɻ⏋ɗɹˏ̜̒́ͻ͌
ɲຩᰟɹȲ ɫ޽ȼɹሾʱغȦȵɫȷɛ⏏೤५ɴଖʱ⏋
̘ͻ͇ˁஜɌɩȦɛɄʸ⏋̊˓̜ᐄغɴՏЦɤɛ⏏ග
᧑߅ؿ᠕ఠஐɹ୭ࢷɹȲ ɫȡʳ⏏2005ॷɴɻ 1ॷ
19͍́ˠ˽̊˹˽ˁᐣ୫ɐʳ̊˓̜ᐄغɭ̯̜ᆓ੮
ɹԂ᭏ˁоәɲȼɇʶ⏋๷ɹࡺٚʢ؝ȿɛ⏏ᦡ᭏ɻɌ
ɛȵ⏋য়ಁɹЗᬚ⏋ࢸऄ᭠Ըఠஐ⏃ჼ̶ͦͲ̘ˑˏ቉
ድଘᏳᔟዀ࡝ᨆᬐఠஐ⏆⏋ןᘽᗔปᡙढ़⏃ჼክऄכ߂
ݜኄᆖჿ࡝ఠஐ⏆⏋ᰧࣩেచᡙढ़⏃ჼࢸฝתЦᆖ᭏⏆⏋
ࢸ࣢Ԓ᠞֖ఠ⏃ჼፀϠᆖჿ࡝Ըఠஐ⏆⏋೴ᅒᮂป֖ఠ⏃ჼ
ؾᡙढ़⏆⏏ɇʰɴɗɹ৿֓ʼɤɛᲞ࿚ڪ֖ఠ⏋ᅒμచ
ᡙढ़⏃ჼ׌༠᧑߂࡝߂࡝᭏႕КԸఠஐ⏆⏋Პ࿚χᒭ቉
ድᅊɴɻᯃ।ɴᦜ੾ˁȴȿ⏋ʚɛዃೆРᚹཋࡎɇ˃ɹ
˵ͅͻ̜ȵɲȿʶɽ⏋ኽɹЁ౗ɻɲȴɤɛ⏏ʚɛຘ౗
ɹʭȩɴӴᥡ৿ᥡɭᰑˁغʼɓذٵ࿠֜ɇʶʳທോɫ
ɲȿʶɽ⏋ኽɻЇϟˁହɁՏɌɩȦɛ⏏߿⏋ࢃ౏⏋З
ᬚ⏋೤५כዀ߂࡝ɴཉȼઢᡚɐʳ⏏
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